f Veterans Affairs Pacific Islands Health Care System, Honolulu, Hawaii , USA men aged 76-93 years, after adjusting for age, smoking, and low-density lipoprotein cholesterol. Conclusions: These results suggest high fibrinogen level is associated with increased risk of PD among men over 75 years.
Introduction
Parkinson disease (PD) is one of the most common neurodegenerative diseases affecting the elderly, with rates increasing dramatically with age [1] . It is a motor disorder primarily characterized by dopaminergic neuron loss and intracellular inclusions (known as Lewy bodies) in the substantia nigra [1] [2] [3] [4] [5] [6] . Prevalence ranges from 0.7 to 3% among persons aged 65 years and older [7] [8] [9] [10] [11] and is higher in men than in women [8, 9, 12] .
Researchers have suggested that inflammation may play a role in the neurodegenerative processes leading to PD. Previous studies have found an increased level of inflammatory mediators in the striatum, a large amount of activated microglia, along with the depletion of dopami-
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Finding a significant biomarker of inflammation could be an important tool for predicting and preventing future PD risk. Therefore, the objective of this study was to examine whether fibrinogen level is associated with the frequency of PD in prevalent and incident cases in a population-based cohort of Japanese-American men.
Methods

Study Population
The Honolulu Heart Program is a long-term prospective study of cardiovascular disease among Japanese-American men. With the establishment of the Honolulu Asia-Aging Study in 1991, the focus of the Honolulu Heart Program shifted to include neurodegenerative disease research.
From a target population of 11,148 men with selective service records, born in 1900-1919 and living on the island of Oahu, Hawaii, in 1965, 8,006 agreed to participate. There has been ongoing surveillance of the subjects' health status. Follow-up has been exceptionally complete, due partly to the very low emigration rate.
Out of 4,678 eligible living participants from the original cohort of 8,006, 3,741 agreed to participate in the 1991-1993 cohort examination. Further details of the selection process have been previously published [17, 18] . The study protocol was approved by the Kuakini Medical Center institutional review committee, and informed consent from all participants was obtained.
Data Collection
Blood was drawn from the participants to determine plasma fibrinogen levels at the 1991-1993 cohort examination. The samples were sent to the Laboratory for Clinical Biochemistry Research, University of Vermont, Colchester. Levels were determined on a BBL fibrometer (Becton Dickinson) and defined as the rate of clot formation by a semiautomated modification of the Clauss method. Calibration and quality control data details have been described elsewhere [19] .
PD case finding and diagnosis began during the 1991-1993 examination and have continued through subsequent examinations (1994-1996, 1997-1999, and 1999-2001) . A structured interview was conducted with all subjects about previous diagnosis of PD and use of PD medications. Further screening was done by a trained technician for recognition of clinical symptoms of parkinsonism (e.g. gait disturbance, tremor, and bradykinesia). During the 1999 examination, 9 questions related to parkinsonism were also administered by the technician. These questions have been validated in a case-control population, where they were found to have a sensitivity of 89% and a specificity of 88% [20] . Participants with a history of parkinsonism, clinical signs of parkinsonism, or (for the 1999 exam) 4 or more positive responses on the 9 screening questions were referred to a study neurologist. The study neurologists, using a standardized history and examination, diagnosed participants with PD according to published criteria which required the subjects to have: (1) parkinsonism (e.g. bradykinesia or resting tremor combined with rigidity or postural reflex impairment); (2) a progressive disorder; (3) any 2 of the following: a marked response to levodopa, asymmetry of signs, asymmetry at onset, or initial onset tremor; (4) absence of any etiology known to cause similar features. Parkinsonism cases related to progressive supranuclear palsy, multiple system atrophy, cerebrovascular disease, druginduced parkinsonism, post-encephalitic parkinsonism, or post-traumatic parkinsonism were not included among the PD cases [21] .
Statistical Analysis
Men were followed through 2000 (10 years of follow-up) for the development of PD. As an operational definition of high fibrinogen, we used the upper 20% of values.
Multivariate logistic regression models were used for the prevalent analysis and Cox proportional hazards models were used for the longitudinal analysis. Presence of PD was the dependent variable and presence in the top quintile of fibrinogen was the primary independent variable. Odds ratios (ORs) and hazard ratios (HRs) were reported, with their corresponding p values. Age, smoking at baseline, and low-density lipoprotein cholesterol (LDL) assessed during the 1991-1993 examination were covariates in the models. Analyses were performed separately for 2 age groups ( ^ 75 and 1 75 years).
Results
Fibrinogen levels are reported in Fibrinogen was chosen as the biomarker for inflammation because data on white blood cell count and C-reactive protein levels were only available in a subset of the participants. Age, smoking at baseline, and LDL were significant covariates and used in the models. Potential confounders that were not significant and not included in our final models were history of stroke, baseline physical activity, smoking at the 1991-1993 examination, plasma homocysteine level, non-steroidal anti-inflammatory drug use, and acetylsalicylic acid medication use at the 1991-1993 examination ( table 2 ) .
At the 1991-1993 examination, 61 prevalent cases of PD were identified. Among the prevalent cases, 13 participants were in the baseline age group (71-75 years) and 48 were aged 76-93 years. During the subsequent examinations, an additional 61 incident cases were identified. Of these cases, 34 participants were in the baseline age group (71-75 years) and 27 were aged 76-93 years ( table 3 ) .
The frequency of PD was elevated among the older men in the highest quintile of fibrinogen compared to men with a lower fibrinogen level ( table 4 ) . For prevalent cases, the OR was 2.07 (p = 0.024), and for incident cases the HR was 3.05 (p = 0.008). The frequency of PD was not associated with high fibrinogen level among the younger men. The HR differed significantly between the 2 age groups when tested in 2 different ways. Using all participants, the results showed: (1) with a dummy variable for age category, the cross product of high fibrinogen with the dummy variable was significant (p ! 0.03); (2) when treating age at baseline as a continuous variable, the cross product of age with high fibrinogen was highly significant (p = 0.0056). If fibrinogen level is treated linearly and pooled across all ages, the main effect of fibrinogen was not significant (p = 0.36), but the interaction with age was significant (p = 0.038). 
Discussion
A high fibrinogen level was associated with higher prevalence and incidence of PD in participants aged 76 years and older. No effects were found in the younger age group, and the interaction between age and high fibrinogen was significant. These findings suggest that inflammatory mechanisms may play a greater role in older individuals.
There are several strengths to this study. This was a large population-based cohort study with all fibrinogen assays performed by one laboratory during a single interval. Follow-up was high for this cohort: of participants still alive, 80% of the men who attended the initial examination in 1965 attended the 1991-1993 examination some 26 years later. Risk factors were ascertained in detail by rigorous physical examinations performed with each participant at every follow-up [17] . Nine potential confounding variables were screened using multiple logistic regression models and Cox proportional hazards models. The covariates used in the final models included age (which is believed to influence the clinical progression of PD [1] ), smoking (which has been shown in many studies to be protective [23] [24] [25] [26] ), and LDL (which has an inverse association with PD [22] ). Of the 4 tests of association with high fibrinogen level (2 tests with incident cases and 2 with prevalent cases), 2 were significant. From the binomial distribution, the probability of 2 or more tests being significant out of 4 is only 0.014.
Limitations of this study include: unmeasured confounders, a small number of PD cases, particularly among men aged 71-75, and having only a single measurement of fibrinogen. In addition, men who had severe forms of PD may have been less likely to attend the ongoing examinations. Men were divided into 2 age groups (71-75 and 76-93). Although these divisions were arbitrary, the interaction of age with high fibrinogen was highly significant when age was treated as a continuous variable.
Our findings support the hypothesis of inflammation as a risk factor for PD, at least among men older than 75, and provide a basis for further research using other biomarkers of inflammation to confirm the hypothesis.
